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SUMMARY
In designing any military system it is import.int to consider large ranges of criteria and objectives.
In practice, however, it is often difficult to gain acceptance for the system unless a single "design situation," embodying a particular choice of criteria and objectives, is selected, while the remaining situations are treated as "important but off-design" cases.
It is argued that civil defense planning in the past has in effect accepted surprise attack out of the blue, with substantial megatonnage directed at cities, as its "declaratory design case." Surprise attack out of the blue with the initial salvo directed at strategic forces has been the "action design case" for important recent studies.
It is suggested that a better "design" situation would be the tension case which allows extensive emergency readiness procedures (with either a counterforce or mixed attack).
While this choice might lead to some neglect of the off-design surprise-attack cases, it is argued that the consequences of such neglect can be guarded against and partially offset.
If this point of view is adopted, highly effective civil defense systems could be designed on almost any reasonable budget level (for example, as low as $1/10 billion a year), so long as the effectiveness of such programs is evaluated primarily on the basis of performance in what we consider to be the most likely, or most important case, that is, one in which extensive movement of the urban population is possible. For such a case, the design of the system would se. a goal of z c, even against moderate-sized mixed attacks.
However, the plans and preparations would be such so as to make appreciable protection available in the case of other attacks and 3ff-design situations.
Of course the ideal implementation would not be o0 tained even in the case of the design attack, because of the many uncertainties, imponderables, and inefficien--J cies that must be expected to occur.
Thus, these systems might be described as "low-casualty" in terms of expected results, or as "zerocasualty" in terms of design criteria. This paper is concerned with the performance of such low-casualty or zero-casualty designs in terms of the basic strategic situations mentioned above.
Basic to any design would be plans and preparations (consistent with the budget) which, if one of the design scenarios occurred and the plans were implemented in a timely and proper fashion, would offer every civilian almost complete protection against a spectrum of nuclear attacks in "which both military installations and urban centers were targeted. In this philosophy the higher budget programs are useful because they (a) re-4 duce the sensitivity of the design to required warning, (b) extend the range of possible nuclear attacks against which the system would be effective, and (c) increase the number of options for handling unanticipated needs for protection.
At higher budgets the estimated number of casualties for a design situation and a reasonable implementation would be considerably smaller and there would be a correspondingly higher confidence in the probability of obtaining an effective implementation across a wide range of off-design scenarios.
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I. THE PHILOSOPHY OF THE "NEW LOOK"
It is not extravagant to say that the general public anticipates that in the event of a nuclear war in which weapons are used against our urban centers, the country for all practical purposes would be doomed.
The estimates of the immediate fatalities which are generIlly offered are something like 100 million or 150 million with little hope for the survivors.
These beliefs are supported by congressional testimony which, as recently as February of this year, asserted that a nuclear attack against this country would lead to about 140 million fatalities without a special damage-limiting system. This testimony (by Secretary McNamara) went on to say that if 25 billion were spent on active and passive defense the number of fatalities could be reduced to about 40 million.
We would like to define highly effective damage-limiting systems as those which could provide about 10 times the protection indicated by the previous numbers.
That is, in the design case and in an important range of off-design cases, the expected fatalities would be between 4 and 15 million rather than 40 and 150 million; and only in very few of the offdesign cases might such systems do less well than those assumed in Mr. McNamara's testimony. This paper will argue that such effectiveness in damage limitation is feasible because through civil defense planning that exploits likely warni.ng time there is an approach to the designs of protective systems which in their effectiveness would appear to be startling not only to the general public but to many segments of the Pentagon. This is what is meant by the term, "The New Look," in the title of this paper.
Stated most starkly, the New Look is a "philosophy" of protective design which asserts that, even at low budgets, the ideal goal of a properly designed system should be zero casualties; i.e., it is worthwhile to try to set as a design goal that no civilian be a victim of a nuclear attack, even one in which" hundreds of weapons were directed against the large U.S. cities.
Realistically, of course, it should not be expected that this goal will be entirely achieved.
However, although this ideal goal could not be obtained in any actual implementation by using the designs, we expect that civil defense systems can be made "highly effective" in the sense of the definition given in the preceding paragraph.
Conceptually the approach is not at all difficult.
For a given set of scenarios, which straddle an important range of attacks (if not all of the important range), we can ask what the vulnerability would be at any location in the U.S., and then ask what can be done about substantially reducing the vulnerability of a person residing there.
The answers to such questions determine the bases for attaining highly effective CD postures. It is obvious that one solution could involve the installation of highquality blast shelters in or near all target areas.
However, because of the higher costs required, blast shelter postures are assumed to be beyond the scope of this work, which is restricted to low-cost systems. Without blast shelters, attacks against urban centers would result in great numbers of casualties unless there had been a timely relocation of the vulnerable 2 HI-476-RR population to shelters beyond the lethal range of megaton weapons.
(It is assumed that active defense cannot provide the reliable protection required for a highly effective design.)
Thus ;t will not be surprising to find that the programs generally would have options for movement of the vulnerable population and preparations for acquiring adequate shelter for them.
Both these options may be expected to be feasible to such a degree that they make possible the design of (ideally) zero-casualty systems; reasons for this conclusion are considered subsequently.
A highly effective CD program implies that there exists a survival plan for every civilian which makes it very likely for him to survive under any of the spectrum of nuclear attacks for which the System was designed (and not too unlikely for hirn to survive in off-design cases as well). From this follows the notion of zero casualties which, as stated above, -lust be modified for a realistic appraisal of vulnerability.
Since the CD postures we are considering have been designed to eliminate all known vulnerabilities for a set of attacks, it will be argued that the estimates of casualties for the postures we are considering can be largely reduced to those which can be attributed to uncertainties, imponderables, and inefficiencies, if any (e.g., imprudent behavior, unforeseen bottlenecks, untimely decisions).
In other words, because of ignorance, human error, and chance factors, some parts of the system must be expected to fail, thereby resulting in casualties.
However, as we will show, the CD system can antic;pate and prepare options to offset some of these difficulties.
The determination of the quantitative degree to which this can be done is expected to be a matter for much future research. Some preliminary estimates of the effectiveness of some of these measures are made in section VI.
Using the estimated vulnerability of the civilian population as a measure of civil defense effectiveness, it is clear that even with lowcasualty designs, there must be trade-offs possible between expenditures for CD and other variables such as: a.
the spectrum of war scenarios as defined by:
1. the durations and varying "credibility" of the preattack strategic warning period,
2.
the over-all size of the attack, 3 . the number and type of weapons;
b. the confidence in the performance of the system; c. effectiveness (the estimated casualties) for any given attack.
Thus, with a greater amount of preparation it is expected that the range of scenarios which can be handled will be greater, and/or the confidence in the performance of the system increased, and/or the civilian vulnerability reduced.
We will try to shed some light on the quantification of H i -478-RR 3 these trade-offs oy some discussions throughout this report. The expected performance of the system will be determined by the likelihood that war will break out in a "design" mode or "off-design" mode, and if in the design mode by our ability to estimate these factors.
Anticipating some of the main features of the subsequent analysis, the "design cases" to be discussed will be constrained by or require: a. War outbreak scenarios which exclude either surprise attack or very short warning to an unprepared civilian population.
b. Timely relocations of any vulnerable urban population to non-target areas.
c. "Balanced Fallout Protection" in non-target areas, obtained through appropriate use of existing shelter facilities, expedient construction, and improvised protection, where necessary.
d. Willingness of government to mobilize available resources and labor (approximately 100 million workers) during a preattack emergency to improve the degree of protection until it is adequate or the crisis ends. (Note: it is unlikely that any state of protection will be judged adequate while a very tense crisis continues.)
e. Plans which provide options for handling unusual requirements for additional protection before, during, or after an attack.
The next six sections of this study will deal with some of the major elements for the design of low-budget civil defense systems of high effectiveness. They will be concerned with the following themes:
1.
For an important set (or even the most important set) of contexts or situations which could develop into a general nuclear war, there would be sufficient time provided by strategic warning to complete the planned emergency improvements to the CD posture.
2.
Against city attacks, the probability of survival in urban fallout shelters is too low to make the use of such shelters advisable for the urban population.
Not only would such a course be inconsistent with a low-casualty design, but, it will be argued that because of some secondary vulnerability considerationsothe urban vulnerability is greater than is often estimated.
3. During a very severe crisis there is a substantial probability that a spontaneous evacuation would occur in the large urban centers if a reliable federal plan for urban protection were not in evidence.
To the extent that this would be true, federal CD operations in the emergency would become involved with the various aspects of large-scale population movements whether or not they had planned for them. On a national basis, to achieve a low-casualty system the posturk would be based on a Balanced Fallout Protection concept, one which atte-ipts to provide in every community the ninimum fallout protection required for survival.
This concept suggests the use of many of the current NFSS shelters in addition to other resources available in nontarget areas.
Such additionai resources might include: (a) structures whose current PF's do not meet the NFSS standards; (b) basements in residences; (c) mines, tunnels and caves; (d) ships and boats; (e) preparations for the construction of expedient or improvised shelters.
5.
Plans and preparations are feasible which not only enable a mobilization of civilian resources during a preattack crisis but which also can cooitinue protective activities; (a) after tactical warning is received, (b) after shelter is taken, (c) after emergence From shelter. That is, a dynamic CD system would prepare a set of options to assist the struggle for survival during every period in which a threat might exist--before, during, and after an attack.
The preparations appropriate to these options would, in most cases, be determined by an examination of local resources and requirements.
6.
Since the designs anticipate removing people from the vulnerable target centers they are primarily concerned with accidental or collateral (i.e., unintentional) casualties.* This reduces the over-all nonmilitary defense problems to those of: (a) optimizing the CD system to reduce the colatteral damage, (b) coping with the potential hazard of unexpected surprises and of bizarre scenarios (e.g., surprise attack, malevolent retargeting to strike rural areas, pindown attacks to prevent population movement), and (c) the problems of recovery and subsequent economic and social recuperation.
A few words are in order about the NFSS, the heart of the current federal CD program.
Since this paper addresses itself to CD systems which assume that very effective protection against mixed attacks is needed or desired, it assumes a different policy from that which is needed to justify the NFSS.
In our view a sufficient justification for the NFSS is that it provides very substantial protection against those nuclear wars in which cities are not attacked.
In addition, government studies estimate that it can save tens of millions of lives when cities are attacked (Ref. 19) .
Counterforce operations which do not subsequently escalate into attacks against population centers are thought to constitute a substantial portion of the future strategic war possibilities.
Thus the criticism which is frequently directed against this program, that it does not sufficiently protect the urban population if an enemy attacks our cities, is not germane to the argument.
For this kind of protection an expansion of the current program into one of greater capability is needed, and indeed, is the subject matter of this paper.
*"f course, we must also take into account the possibility that the Soviets or Chinese would deliberately target the "evacuees."
It is difficult, however, to find plausible purposes of an enemy that would be better serveJ by striking at evacuees than at empty cities or force targets.
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As an aside it may be mentioned that experihnces gained through war gaming generally suggest that large-scale nucleai attacks against cities are not a rational option at any early stage of a general nur.lear war,. although the possibility cannot be precluded chat unforeseen developments would cause rational control to be lost during the course of the war or the Soviets might find themselves somehow "locked ;I" to their declara-" tory policy.
(See Ref. 8 , pages 180, 217-220. Also see Ref. 17 for some discussion of the development of attacks in war games.)
For those scenarios in which control is not lost, the probability of the large urban attack would appear to be greatly diminished and, correspondingly, th'e utility of the NFSS posture is very high.
The argument that the curreit program, an inexpensive standby system, does not offer good protection against city-busting nuclear attacks seems analogous to the argument that seat belts on airplanes are undesirable because they are not effective against mid-air collisions.
It seems more reasonable to enumerate the plausible contexts in which the NFSS has good utility.
In this way we can compare iLS cost-effe'tiveness with other alternatives to determine its utility. If we should then wish to add a measure of good protection against the threats of deliberate or accidental city attacks we might wish to extend or modify the system.
In this event, the current program should provide a springboard from which to develop the new program more effectively. "*We use the word "rational" here to mean that a decision-maker would not choose a course of action which calculations led him to believe would lose more than one third of his population.
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II.
CRISIS CONTEXTS"
Strateg;c studies hitherto have almost uniformly considered contexts in which little or no short-term improvement is anticipated in the CD posture or the recuperation capability.
Yet, realist~cally speaking, the relatively sudden war or "strike out of the blue" is generally believed by analysts to be a far less likely eventuality than war emerging from an extended preliminary crisis.
If, in the past, studies could plausibly emphasize surprise attack because tney postulated a more or less uniform state of tension existing between the U.S. and the U.S.S.R. and relatively vulnerable strategic forces which tempted surprise attack, they do not accord well with current conditions of detente and relatively invulnerable strategic forces.
Thus. the most interesting and most likely situatigns.
• and th Qjje which could be most affected by advance Dreparations are the ones most neglected in Dlanning 0 If one agrees that general war is very likely tg arise from a period of international tension followed by intense crises (but not necessarily following the most intense crisis), it should be observed that there might be enormous differences between CD systems which anticipate these conditions and those which do not.
Nevertheless, such a criterion fo-evaluating and discriminating among alternative CD systems or postures is almost never used in current studies.
Whether one argues for increased readiness CD programs on purely prudential ground or out of more general strategic considerations, it does not const;tute a decisive objection to mention the risk:
(1) that we may not experienci the prewar tensions sufficient to complete the preparations impli jy the programs, or (2) that an attack might occur before they coul' .. substantially actuated. As in deterrence strategies, the justificatio.. for a CC, program includes a hope that it will not have to be used, a reluctance t-. y upon the hope, and calculations of its expected utility in various attacks.
In effect, emergency readiness may bear a similar relation to the distinction between detente and cold war crises that the normal posture bears to the distinction between peace and war.
The purpose of the suggested programs is both Eo help deter crises and tension situations and to alleviate the conseaue•ces if this deterrence fails.
Proper designs need not upset the current atmosphere of detente; on the contrary, they could reassure those in the NATO alliance who fear the detente (because it could lead to an erosion of Western capability) without disturbing the present Soviet incentives to develop it.
Furthermore, such programs carefully and professionally carried through--with attention *This section is largely a condensation of a portion of Ref. 1, revised somewhat for the special purpose of this paper.
"--The wnrd "intense" is used here to describe a crisis intense enough to dispel nuclear incredulity.
Operationally we could define it as a crisis intense enough so that 20% of New York's population left the city because of fear of nuclear bombing (assuming the president does not discourage the movement).
By this definition, we have never had an "intense" crisis.
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to e fects on U.S. citizens, allies and opponents--could substantially incr,.ase the capability of a U.S. president to act calmly and effectively duri,,g a crisis without simultaneously motivating the Soviets to pre-empt. Examples of how escalation might be affected by emergency readiness preparations, however, cannot be ignored. In any tense situation an act showing firmness or resolve may cause the opponent to attempt to pacify (e.g., Soviet response in Cuba) or escalate (e.g., U.S. response in the Gulf of Tonkin).
These judgments would need to be made in the crisis.
(For more discussion, see Ref. 8.) To illustrate the argument, we define in Table I five conceptual levels of crisis CD tactics appropriate at various levels of international tension. Both of the above classes of program should be compared with normal programs (3-7 years) and moderately accelerated programs (1-4 years). The principal distinction between the two classes of program listed above, increased readiness actions and mobilization actions, is the estimate made of the imminence of a possible nucleer attack.
Increased Readiness Programs would differ from Mobilization Programs in tending to disregard postemergency values, emphasizing short-term capability at the cost of normal procedures, and risking waste and inefficiency. A Mobilization Program is more sensitive to questions of cost and efficiency and the needs of competing programs, especially military ones.
The Mobilization Program prepares for prolonged tension, siege, or low-level war.
It is prudential in the sense that it tries to prepare for the future, possibly even at the risk of some short-run increase in danger, by adopting protective measures appropriate to the degree of international tension.
'An earlier but similar version of Table I That estimate does not seem to need revision because of the civil defense capability that has been added in the last two years.
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Of the three Increased Readiness Programs, the "Desperate" program may respond to a state of national anxiety equivalent to that which might be found on a battlefield. Either bombs have already exploded in the U.S. or are expected in a matter of hours. The program is termed "Desperate" in the belief that U.S. decision-makers would be willing to accept large risks in human lives and pay little or no attention to immediate material costs in order to achieve the highest degree of protection possible for the threatened citizens. Thus, in this kind of crisis, authorities (if an urban relocation plan were being implemented) would overcrowd railroad boxcars to transport urban citizens to safer areas, even to the point of risking some deaths. Large amounts of property could be destroyed to provide protective construction.
Doors, fences, garages, barns, and interior walls would be torn down readily for building material.
The government might attempt to evacuate perhaps 90-95% of the population of potential target areas.
The "Crash" program differs fromn the "Desperate" program in being less associated with terror, although sacrifices in procedure and cost are again accepted. But actions which would involve unusual human risks or extremely high economic costs would be avoided where possible. Urban relocation, if part of the plan, would be less hurried; most industries would shut down properly; and consideration would be given to the problems of assisting postattack recovery efforts.
Finally, the "Emergency" program assumes that sufficient time is available to create a large degree of short-run protection without unusual destruction of property or risk to life or health.
It may even be important to consider the possibility of mobilization taking place after a formal declaration of war. This possibility has not been seriously studied in the nuclear age, with its emphasis on sudden and decisive strikes. But it is worth recalling that World War II began with a "Phony War," which gave the French and the United Kingdcxn eight months of intense mobilization before their forces were seriously engaged. Even the surprise Japanese attack on Pearl Harbor was preceded by two years of tension and partial U.S. mobilization.
Similar symbolic or inconclusive confrontations are far from impossible in future conflicts--in an era of mutual invulnerability they are relatively likely, at least as compared to sudden strikes.
In such a situation, particularly if it involved a formal declaration of war, we might be willing, as in World War II, to devote up to half our GNP (about $300 billion/year) to civilian and military defense purposes. Thus, if advance preparations had been made, one could easily imagine putting tens of billions into a nonmilitary defense program in less than a year.-*Such a program would tap the readily deployable U.S. construction and other industries and agriculture.
If extensive (and modestly expensive) preliminary preparations had beer. made, this nonmilitary defense p'rogram could be phased so as not to compete excessively with the mflitary mobilization, much of which is necessarily slower.
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If we believe that crisis scenarios represent an appropriate criterion for the design of a CD program, then it follows that the PF's (radiazion protection factors) of the existing fallout shelters might be much improved during the period of great tension preceding any nuclear attack, because during the preattack crisis, when sufficient motivation presumably exists, the labor of something like 100 million people would be available to be applied towards increasing protection.
To the extent that time is available and such labor is competently directed, a corresponding improvement in civil protection is possible.
Thus, where people had not previously learned what needed to be done, a plan to educate and, perhaps, direct their activities during and subsequent to the crisis, could result in many lives saved, should a general war follow.
The relevance of the crisis contexts are crucial to this paper. Some of their implications for defense have been developed and applied previously (see Refs. 2 and 4) and now lead us to other applications discussed in Sections IV through VII.
For example, Section VI discusses a concept that might be termed a dynamic approach to emergency civil defense planning.
In it, the mobilization of the population for improvement of CD posture is visualized to begin during a tense period and to develop, as the threat materializes into war, through several "fallback positions," down to the last possible line of defense.
(See Section VI, page 21.)
Calculations of urban vulnerability to nuclear attack are usually made on the basis of primary nuclear effects, that is, blast damage, thermal shock, and radiation dose (both prompt and residual).
In most moderate or large nuclear attacks these calculations alone give rise to estimates of at least tens of millions of casualties among the urban population, except for those CD programs which either provide very good blast shelters or move the vulnerable population out of target areas (e.g., see Ref. 4) .
Perhaps it belabors the vulnerability question unnecessarily to argue that urban survivors of the primary nuclear effects would also need to survive some secondary ones which may be created by combining more than one of the primary effects. However, since these secondary effects would cause some extra difficulties in an urban center struck by one or more groundburst nuclear weapons, we believe a short discussion may provide a useful perspective. Table II lists some of the important secondary effects which will be discussed below. The first point in the table suggests that the PF's (protection factors) assigned to structures in peacetime may need to be degraded in wartime because of the possibility of blast or fire damage to the structures used as fallout shelters. Some fallout could enter a building since all the windows must be assumed to be shattered, thereby degrading the effective protection. Whether the degradation would be large depends HI-478-RR 12 upon n.any variables such as the prevailing wind speed, the amount of windo% space, the original PF rating, and the location of the shelter in stiLcture.
One experiment using volcanic dust and based upon 5 mph wind speeds suggested that the entering fallout would only provide about 1/200 of the external intensity (Ref. 18) ." A much more pessimistic calculation, which arbitrarily assumed that because of window breakage each of the three floors of the Hudson Institute (a narrow 3-story building with large windows) was covered by 10 per cent of the external fallout density, reduced the PF in the basement from 100 to 30.
These two examples suggest a large range of uncertainty in the PF degradation due to window breakage.
Larger buildings should be less affected than smaller ones.
Shelters in basements should be less affected than those in upper stories.
Better methods of estimating the hazard are still needed. However, the trend to an increasing perceie,. age of the usable NFSS shelter spaces occurring in basements alleviates this problem somewhat.
Similarly, other structural damage from the blast wave would affect the ingress of fallout.
If curtain walls are blown in,the PF degradation could be increased, in addition to other hazards created by the blast. sweeping through the building.
Recent blast damage calculations (Ref. 19 ) have taken 10 psi for the mean lethal overpressure. As a result of building damage and de.gradation of the PF's, one should add to the blast fatalities an increment of fallout fatalities In the zone of building damage (from about 3 to 20 psi) which would otherwise not exist.
Third, and possibly more important than structural damage by blast, is the threat of urban fires.
If the protective facility caught on fire, a shelter area without special fire :,rotection is likely to become unusable because of the heat or iioxiout, fumes.
This seems to be a substantial danger for many or most curr~wn. shlter facilities identified through the NFSS.
This danger does not nr-od to assume that the cities would be destroyed by firestorms. Indiv*,•ual fires are often sufficient to make a building unusable as a fallout shelter. Papers which discuss the firefighting potential during the first 20-30 minutes after the blast tend to overlook the fact that the target area probably would be enveloped by a dense cloud of dust whose presence, together with the threat of imminent fallout and subsequent detonations, is apt to discourage firefighting.
The great hazard from fire arises from the expectation that the affected people in burning buildings would probably be driven out into the debris-littered streets to try to find or improvise shelter just about the time when the intense early radiation arrives (assuming groundburst weapons)--an exceedingly gloomy prospect.
A recent OCD study estimated that about 25 per cent of the urban survivors of the prompt effects of a large nuclear weapon might be vulnerable to these consequences of fire (Ref. 19 ) .
Admittedly, the estimates of fire vulnerability are fraught with uncertainty since both fire ignition and *The results of this experim-nt are open to some argument because of a special geometry of the physical arrangemcents (an overhatnging ledge) which would tend to hamper the ingress of falling particles.
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spread are dependent on many parameters. Perhaps the 25 per cent estimate should range from 10 to 50 per cent.
The second major item of Table II suggests that if immediate survival must be fol'owed by rescue within several days or weeks, the blast damage combined with relatively intense local radioactivity can make this an unusually difficult problem.
It is not obvious that adequate help would come in time from outside the damaged urban centers.
This would depend upon the details of the aftermath of the attack and could be quite sensitive to tie existence of contingency plans and preparations.
The third category, which lists some possible health problems among the urban survivors, might not be a pressing matter in nontarget areas, but in combination with the general damage and (assumed) difficulties of external communicat'in and assistance these could be severe.
The emotional stress under the combined set of shocks suggested in Table II could well pose the greatest single hazard among survivors.
The quantification k of these hazards is a matter for future research, if indeed the problem is tractable.
The last category attempts to imagine the unexpected. Certainly there are likely to be some unexpected hazards.
Because of building damage, rain or snow or water from damaged pipes may result in flooding of the basement areas.. Basement shelters dependent upon vents or stair-I wells for ventilation might find these crushed or blocked by debris.
Other possibilities -. F this kind will probably develop as the postattack environment is examir:ed more intensively.
For the reasons listed above it may be pessimistic but should not be unreasonable to assiume that for a medium-sized urban area (up to 200 sq. mi.) attacked by a groundburst weapon in the megaton range, the survival prospects without a blast shelter are so poor that they may be negligible (< 10%) as a first approximation.
If the attack delivers more than one weapon to an area, survival becomes even more difficult.
In large cities the prospects would seem to be even worse than in medium-sized ones, since, in the absence of good active defense, they are more likely to be struck by several weapons.
Our later attempt to describe fallout shelter improvements possible during or after a crisis which developed into a nuclear attack does not apply to target areas which would require shelters capable of surviving the blast, fire, and other close-in nuctear effects, in addition to heavy fallout. While adequate suburban blast shelters can be designed and built, given enough time and fund&, t'y req~dre plans, skills, and materials which are not expected to be available in the required quantities even in a few months (unless, of course, extensive preparations had been made in anticipation of such a situation--a context which is possible and perhaps advisable, but not considered in the present analysis).
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iV. SPONTANEOUS DISPERSAL OF URBAN POPULATION
There are many historical examples of a large portion of a threatened population attempting to achieve a degree of protection by leaving the target areas (at least partly spontaneously) during a war or crisis. This happened three times in London, twice in 1938 and again in 1939 at the start of the war, and it happened in both Germany and Japan in the latter phases of World War II.
Thus we might be well advised to anticipate that during an extended escalating crisis many city people would find additional motivation for visiting friends and relatives in rural areas.
It has been estimated, for example, that in New York City about 25 per cent of the city residents have relatives in the country.* Since some might invite close friends to join them, perhaps 40-50 per cent of the New York City population would have a place to go and might choose to relocate during a severe crisis (if there were no formal opposition by the government).
The thought here is that in a crisis in which a nuclear attack became generally credible, unless a formal organized movement were ordered, some dispersal of the urban population would probably occur spontaneously.
Thus, just at a most critical moment the civil defense organization could find itself in a position where, unless it took steps to integrate with and assist the voluntary movement, it might be "overrun" or at least seriously hampered in its planned activity.
Indeed, if an exodus were begun by 10-20 per cent who had definite places to go, in some circumstances it might "stampede" the others to whom the alternative of remaining in the cities would suddenly appear more dangerous.
In such situations the civil defense authorities could be faced with a dilemma.
They would have the stocked NFSS shelters in the cities but might not be able reasonably or convincingly to claim that people would be safest there.
It would be unfortunate if they were unable to function effectively because of a lack of preparations or rigidity of doctrine.
Only if appropriate preparations had been previously developed could there be high confidence that options would be available to facilitate or restrain a spontaneous movement.
That local governments might be able to organize and effectively carry out a relocation within a few days under threatening circumstances has been made plausible by past experiences.
For example, during Hurricane Carla in 1961 about a million residents of the affected Texas and Louisiana Gulf regions moved out of danger in an operation which was organized and developed in about two days (Ref. 6) .
Except for the meteorological information provided by the federal government, most of the important aspects of the movement were arranged by the local authorities.
Outside assistance ,U.S. Army, Red Cross, etc.) was considerable but was more directed toward providing welfare items, not the critical ingredients of the relocation which would change the life-and-death threat.
The main point of using this historical incident is that effective survival measures often exist within the local *For more detailed discussion, see Pef. 15 .
HI-478-RR capability, especially if authorities perceive the problem and understand the feaqihip nnt;prnc . F.r th.c. op.tions to be avai-lable in the event of a nuclear attack, local preplanning and preparations may be needed. Tlis would imply the need for a more widespread understanding of the requirements for various emergency measures and a study of the technology required to make them feasible.
The currant CD program which identifies shelters in existing buildings and other structures was originally designed for and undoubtedly would provide a great deal of protection in untargeted cities. While in recent years it seems that counterforce attacks have been considered increasingly important as nuclear war possibilities, nevertheless it is very difficult to imagine someone, during a crisis, accepting the risk that only a counterforce attack would occur, without greatly fearing an escalation into the more dire city attack. There is a tendency for people to believe that their locality would be subject to direct attack (Ref. 20) .
If, on the other hand, only tactical warning of a nuclear attack, perhaps half an hour or so, were available to achieve some measure of protection, then the utility of the current program would seem to be relatively good.
However, we have argued that the more probable outbreak scenarios would involve mounting international tension of at least several days, more likely weeks or months. These could permit both time for taking protective action and time for effective instruction to the population in emergency measures (see Ref. 7) .
Anticipating a nuclear attack, an intelligent citizen persumably would ask, "What choices do I have now." What alternatives would there be later if the threat gets worse?" These questions have been discussed among the staff at the Hudson Institute and in seminars with other research contractors. A frequent conclusion is that remaining in an urban center and planning to use one of the existing fallout shelters during any imminent nuclear threat would be an unlikely or unwise decision if at least a few days time were believed available and if some reasonable possibility for finding protection outside the city were perceived. The current program to survey, mark, and stock existing fallout shelter spaces in this country originally (phase 1) looked for shelter which would offer a PF nf 100 or better, and subsequently, under the stimulus of the Cuban Crisis of 1962, was modified to include facilities whose PF was 40 or better (phase 2).
These were very reasonable initial steps to take advantage of the existing protective resources within the country. We argue here that a logical third m-,ve would be tc specify the minimum PF requirements of each locality in accordance with a reasonable doctrine of estimated need and use these specifications as a basis for determining future protective action.
For any assumed attack the minimum local fallout protection needed can be more or less accurately determined in terms of the physical parameters such as the distance from the targets and the probability distribution of wind variables which would determine the fallout pattern.
In general, we would expect the calculations to show that areas near targets, especially in the prevailing wind directions, would require a greater amount of fallout protection than others more distant or in more favorable directions.
The next step would be to make a judgment, based upon some chosen set of attacks and variation of other relevant parameters, of the required minimum protection at each locality.
Balancing PF Reauirements
Typical fallout contours of a groundburst weapon of I-MT fission yield (Ref. 5, p. 450) show some interesting numbers.
These are reproduced in Table III , which gives the one-hour reference dose rate and the estimated two-week total dose of the areas between contours. Table IlI that if an arbitrary criterion were adopted--that the dose accumulated during a two-week shelter period should be no more than 25 roentgens--the required levels of protection, as shown in the last column, woulid vary from a PF of about 600 down to a PF of 1. This degree of variation in PF requirements leads quite naturally to the idea of a "balanced program," one that would specify a minimum PF related to the estimated risk. For any assumed attack, this specification might vary by a factor of a hundred around the country, say from a PF of less than 10, which is currently available in most places, to a PF of 1,000, which would probably require separate construction or substantial improvement to existing facilities. By making appropriate computations it should be possible to map the United States into ..reas with associated radiation threat contours and suggest for each of these areas an appropriate minimum PF. The protection in some places might require PF's of only 5 or 10, while others might reouire PF's of 100, 200, or 1,000.
Because the PF requirements in counterforce attack contexts generally would be less than those needed for mixed attacks, it should not be an unreasonable guess that adeauate shelter for the entire population against onjst counterforce threats already exists in the country, if some movement of the population is allowed.
During an emergency, the problem would be for people to reach their designated shelters before the fallout arrived. The attainment of sucn a posture might involve both short-range (5-50 mile) dispersal movements and somewhat longer range (50-500 mile) eva,ýation from more threatened areas.
(Those near military bases miqht relocat,ý because of blast as well as fallout threats.) However, if we accept the idea that the more likely outbreak scenarios give at least d of warning, then the required movements seem to be generally feasible.
It has been suggested that achieving adequate civilian protection against most counterforce wars should not be difficult, mainly requiring preparation for balanced PFs and for timely movement of people to fallout shelter facilities. A more difficult problem would be to obtain an option for achieving adequate protection against the range of attacks in which some cities are targeted, perhaps during the later phases of a war. We argue that the same principle (i.e., calculating the minimum ?F requirements for achieving balanced fallout protection) can be applied to this case, although the PF requirements usually would be more severe.
For wars involving mixed attacks, it should be possible to calculate the resulting radiation contours at, say, the 95% probability level (i.e., 95% probability that the external dose would not exceed a stated amount).
These contours could determine the minimum PF requirements and thereby serve as guides for using existing shelters in nontarget areas or othenrise planning for additional shelter.
For example, in a particular attack one might find that in Long Island, 30 or 40 miles from New York City, the radiation threat would require a minimum PF of 200, while for Bennington, Vermont, equivalent protection only requires a PF of 15. A balanced program based upon these numbers would suggest that Long Island might need to move the part of its population that could not otherwise attain adequate PF's to other areas in which usable shelter existed or could be readily improvised. In this e.
•ample, Bennington, Vermont, should have a substantial surplus of spaces, since nearly every house and commercial building has a basement with the required PF of 15. Thus, in this example, even without improving the existing shelters, some additional protection can be achieved by comb'ning some movement with a judicious selection of reception areas.
The numbers used above are, of course, hypothetical; more realistic ones can be determined by calculations using fallout models and a range of threats and attack patterns.
For most of the large urban centers an effective balanced fallout protection plan would probably require a combination of dispersal and improvised shelter if it were based upon very low-cost peacetime CD programs, such as we have today. Even as part of a planned program designed to bolster the more expensive "full fallout shelter" posture, during an emergency, a substantial amount of urban ,s-;ocation and even some shelter improvisation might be required to achieve a baiance (that is, a degree of fallout protection which reduces the risk from a given attack below a stated criterion, say, 5%).
Some parts of the country, however, would be under much greater stress than others to achieve this balance.
Some have a great number of special resources such as basements, mines, tunnels, caves or ships, while others tend to have relatively few of these resources (e.g., Los Angeles, San Diego, Tucson, Phoenix, Dallas, Houston, New Orleans and Atlanta).
Thus, different amounts of time and preparations would be required in different localities to achieve equivalent protection--factors which could be taken intc account irt local emergency plans.
Near areas threatened by direct attack of several weapons, and therefore heavy radiation doses (up to about 100,000 roentgens), a properly balanced posture might require PF's of 1,000 or more to meet minimum standards. This would require a change in the current specifications which qualify a shelter if it meets the 40-PF criterion. Following an urban attack, a PF of 40 might be adequate for some of the more distant suburbs or those in directions away from prevailing winds, but not for many others.
In some instances the changed specifications could be met by plans ff r increasing the protection factor of the facility during the emergency period.
(A more detailed discussion of this is given in the next section.) Indeed, a balanced fallout protection program, if developed on an over-all low-budget CD effort, undoubtedly would identify and plan to utilize the major existing suitable resources. An examination of some of the major resources is discussed in greater detail in Ref. 14. Included are (a) the NFSS facilities, (b) expedient shelter construction, (c) basements, (d) mines, tunnels and caves, and (e) inactive and active ships.
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VI. DYNAMIC PLANNING FOR EMERGENCY CD
We can certainly imagine that just as there might be various levels of crisis developments (see Ref. 8) , there might be levels of emergency responses of the civil defense system that increase the national readiness to cope with a nuclear attack.
For well-directed efforts, most of the adult population could be employed to develop the CD posture, not only during a severe crisis but also during and subsequent to an attack, if necessary.
This section discusses some of the possible measures for and consequences of such an approach to CD planning.
The principle involved is that it is reasonable to expect people to be motivated to work hard to increase their survival chances when they are severely threatened, and to continue such efforts until the danger has been largely eliminated. This is a simple notion which has some important implications for CD planning.
During any serious crisis the civil defense organization would undoubtedly attempt to improve the existing posture to make up for any incompleteness of the previous peacetime effort and attempt to mobilize the necessary resources of Lhe country to accomplish this end.
If the improvements are not finished by the time an attack begins, the next interval for potential CD actic:r, occurs between receipt of tactical warning and the actual perm:pti.n of the effects of a nuclear attack. During this time we would presume that rather frantic efforts would be made to attain whatever increase in protection could be had. The local CD system could disseminate special information via the avenues of communication that remain, in order to attain a high efficiency in these last hours (or days).
After shelter is actually taken in response to perceived nuclear effects, improving the PF's could often continue by inside work. The critical period would probably be the first few hours after an initial attack, perhaps from 2 to 8 hours.
During this period there may be potential for increasing the PF of a shelter by a factor between 2 and 5, from which a substantial decrease in vulnerability might be achieved. Perhaps the next line of defense would be during the postattack efforts at rescue.
For many localities the external environment during emergence from shelter eould be much less hazardous if countermeasures were organized which appropriately employed (a) controlled exposure, (b) decontamination, and (c) relocation to safer regions.
Thus it is convenient to define four time periods during which both the shelter PF's and/or the number of shelter spaces might be increased. They are listed below and shown in Table IV. a.
During the preattack crisis, or strategic warning period.
b. After tactical warning is received (but before any fallout arrives).
c. During the war, i.e., the shelter-stay period required by an attack.
d. During the early emergence period when partial shelter is required.
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The possibilities for protective action during each of the intervals in Table IV are examined below.
The measures found to be useful are not new; they are generally taken from previous OCD studies. What may be new is their application to time periods in which such activity has not often been contemplated.
Strategic Warning Period
This is the time period which has the greatest potential for protective action. The list reflects the possibility of improving the quality or quantity of shelters during the crisis and other opportunities for obtaining an improved CD posture.
Its potential would depend greatly on the specific context. For example, if over a period of years we had installed the "full fallout shelter program," then because of the many rural shelters, during a tense period the need for additional shelter spaces for any relocated urban citizens would be considerably diminished (but not completely, e.g., see Ref. 3) .
On the other hand, with CD protection roughly as it is today, the situation may make clear the need for
improvised action. That the shelter posture could be improved during the preattack period is clear if one believes that there are likely to be several days, weeks, or months between the perceived beginning of the emergency and any subsequent attack. The interesting question becomes, "How large is the potential?"
A proper analysis of the potential for emergency protection in any particular locality would require an examination of its existing resources, and an estimate of the threats in reference to various possible enemy targeting. A previous study (Ref.
2) estimated that a reasonable degree of protection (survival probability > 90%) might be possible within seven days for nearly every United States civilian, if only rudimentary plans tailored to local resources and requirements had been made in advance.* This calculation assumed that citizens would respond to the suggestion of the authorities and would cooperate in the rapid construction of expedient community fallout shelters, even where it required some damage to existing property.
In areas where blast threats seemed large, most people were to be sent to distant reception areas in which shelter could be improvised.
There are many ways that fallout protection could be improved during a crisis period. One might improve the PF's of the existing structures being used for shelters (a) by ad,=ng interior barriers against the expected external, sources of radiation (e.g., placing masses of earth, water, or even ice against exterior walls, or on the floor above or below the shelter); (b) by devising methods for removing fallout particles from roofs (e.g., washdown or disposable sheeting), sidewalks or ledges; and (c) possibly by plowing or bulldozing around shelter facilities to create external radiation barriers.
These examples are meant to illustrate some of the possibilities; others would undoubtedly appear in local vulnerability studies. Thus, if at any community shelter facility one or more persons were knowledgeable about the fallout threat (or could become well informed during the emergency), then with the assistance from local citizens one would expect the knowledge to result in an improvement of the shelter.
It has been estimated (Ref. 2) that if minor property damage were tolerable it should not be difficult in most instances to convert a basement with a PF of 10 into a shelter with a PF of 100 or more, qiven one or more days' time and the labor of the occupants.
If basement PF's could be increased from 10 to 100 or more, similarly, other fallout shelters could probably have their PF's increased, say, from 40 to 200 or more, or from 100 to several hundred. Recalling that to double the PF of a structure requires the interdiction of mass equivalent to about 3-1/2 inches of earth between the shelter and the major sources of radiation, the problem of doubling or quadrupling the protection does not seem likely to pose great problems, granting the availability of a day *The referenced study assumes that (a) no attempt would be made to target rural reception areas and (b) the attack, if it comes, occurs soon after the planned emergency preparations were completed (and thereby avoids the problems which might develop with a long delay).
ýi -478-RR or so, a few rFeSFur-•e (e.g., knowledgue-, organizaiion, shovel) , and the manpower (e.g., from the intended occupants of the shelter).
The current Government CD Program has plans to use existing structures for shelter where the PF is at least 40.
Adding the potential from an emergency program would substantially increase the number of shelter spaces in nearly every locality, in some by large amounts.
(Certainly, if every basement were considered to be a potential fallout shelter, then there could be very many more spaces than required.)
Moreover, this potential seems to be large in rural areas and in or near most small towns--places where fallout protection is now most needed.
In localities where basements are not desirable or not available because of climate, local soil conditions, or building practices, other types of protective action may be available including short-range dispersal; long-distance evacuation; use of nearby mines, tunnels, ships and cav's; or the construction of aboveground expedient shelter.
Thus, without trying to exhaust the possible methods by which emergency protection can be obtained (a problem requiring additional research), it seems that a substantial potential exists: one which can greatly be enhanced through preparations on both a national and local basis.
(in a national program the OCD would probably wish to provide the concepts, the prototypes, technical assistance, and the incentive, while the local offices could do the investigations and create plans and preparations suitable to their resources.)
After Tactical Warning
The next time interval occurs after a locality has received tactical warning, but before fallout has arrived.
In many scenarios this interval would provide several hours or more to most of the people (e.g., see Ref.
3). These hours can be especially important if we are imagining a place in which both (a) the amount and quality of existing shelter was inadequate, and (b) the preattack crisis was too short or too ambiguous for completion of the required emergency improvements.
In such contexts, after the tactical warning signals were received, the citizens finding themselves with poor protection would need wise guidance.
There may be some courses of action available, however, which would prove to be desirable, if not crucial.
For example, one simple tactic of great potential is the "overcrowding" of the better completed shelters.
As an illustration, if in a particular locality at the time tactical warning is received, standard shelter spaces were available for only 40% of the population, the local authorities might choose to put 60, 80, or even 100% of the population into these shelters, reducing to a minimum the population for which other solutions were needed.
It has been argued (Ref. 9) that frequently *For more quantitative estimates, see Ref.
14.
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to the lives of the occupants. The tolerable degree of crowding would, at the limit, depend on circumstances, more crowding being possible in the winter than in the summer, more in the North than in the South, and more where water is flowing than where it is stored. A harsh choice may need to be made in some extreme cases in attempting to balance the increased health hazards to the overcrowded occupants against the risk of leaving some without good shelter. The most important aspect of the overcrowding tactic is that local authorities understand the option in the event a need arises.
In cases requiring overcrowding by less tha!' 100%, the decision-maker's choice may often be easy if he is able to think about it in advance.
The time available between the tactical warning signal and the arrival of fallout might be as much as several hours (in some cases, even days) depending upon the nature of the war, the prevailing meteorological conditions, and the direction and distance of nearby targets. Thus, in many places continuing emergency -tion until the first arrival of fallout is sensed could add substantial protection.
The measures for reducing the radiation threat to any shelter could be similar to those mentioned in the previous section.
Indeed, if we assume that the plans for utilizing the preattack crisis period were insufficient, the brief interval after tactical warning could prove critical.
Preparations to advise people when and how to continue improving their CD posture where an extra hour or two or five were available for final efforts could provide a useful option.
It could be used to improve some shelters or advise movement to shelter in adjacent towns or nearby mines, ships, caves, tunnels, cellars and basements (or even barns in areas where relatively little fallout was anticipated).
Thus, a dynamic civil defense plan would have local options which are geared to the nature of the crisis, degrees of preparation, and the wisdom of the local civil defense organization to improvise the greatest amount of protection in accordance with the perceived circumstances right up to the time the fallout actually arrives.
Where necessary for the next line of defense, that is after tactical warning is received, work could continue from inside the shelters. This is the subject of the following section.
The Shelter Period
After sizable attacks many shelters might be occupied continuously for one or two weeks, perhaps a month.
Could the occupants profitably use this time to decrease their vulnerability? What are the potential actions? These will vary according to the local environment, but a number of widely applicable possibilities seem to exist.
For example, in a basement shelter the floor might be dug up (in some cases requiring a sledge hammer and a few shovels) and earth scooped out of the floor (or the walls) and used to make protective mounds and trenches which might increase the PF by a factor of 5 or more.
--
There are also some simple tactics which would enable people to get an extra protection factor of 2 or I withouit digginng.
For xnple n would find that if the average protection factor of a basement were 10, the protection factor near some of the walls or corners might be between 15 and 20.
This could be determined by monitoring if the technical information were unavailable.
If these more protected areas were occupied by clustered groups, there would be some additional self'-shielding. These two actions alone could give an extra protection factor of about 3. A basement whose nominal PF is 10 thereby becomes a shelter with a PF of 30. (See Ref. 10 for a more quantitative discussion.)
The concept being emphasized is that where it is believed that the radiation level might be lethal or dangerous, the logical response would be to work on improving the protection while opportunities exist. Before any fallout arrives at an improvised shelter, it is presumed that people could bring shielding material and other supplies such as tables, chairs, lumber, and nails which could be useful subsequently.
In some cases the interior walls of buildings might even be torn down for construction materials.
Also, of course, tools such as sledge hammers, shovels, saws and picks would be valuable and undoubtedly collected from available sources.
Occupants might erect barriers against radiation arriving through windows or thin walls, they might build interior "igloos," and they could plan ways to remove fallout particles from roofs and ledges or any sifting-in through the ventilation system.
If there is danger of lethal exposure within the shelter, the added protection must be achieved relatively quickly.
For example, if the fallout arrives about four hours after a nearby nuclear explosion, the occupants of the shelter would receive about 25% of the total exposure during the next eight hours, another 25% during the next four days. Thus they would have something between a few hours and a few days to do something effective--and more like a few hours than a few days.
If nothing were done for the first three or four days, then subsequently at best, one could reduce the total exposure by a factor of 2.
If effective action were taken within the first hour or two after the fallout arrived, the total exposure might be reduced by an additional factor of 5 or more. Referring to the above example, during the first two hours after the fallout arrives, about 10% of the total dose would be delivered.
(The data on exposure is taken from Ref. 5, page 429.)
One can easily imagine that during the shelter period, after having observed the evidence of bombs going off and learning of a radiation threat, the shelter occupants would be very interested in reducing the anticipated hazard and that the shelter manager and/or other authorities wo-ý-d be expected to offer sound advice and assistance.
For an illustration let us look at a hypothetical case.
Assume for one design that the minimum requirement in Bennington, Vermont, is a PF of 15 and that Bennington is found to have enough basements with an estimated PF of at least 15 to accommodate quadruple the existing population without any serious distress.
Assume, also, that after an attack, because of uncertainties Bennington turns out to be a hot'spot (relatively) and that the PF required to prevent serious casualties is found to be 40, not 15 .
If the basement shelters had not been improved during the crisis some casuaitles would occur. This threat could be partiaiiy alieviated by efforts at shelter improvement between the receipt of tactical warning and the time the fallout arrived, as was discerned earlier. Finally, by using the in-shelter techniques discussed above, it might be possible to increase the protection by a factor of from 3 to 5, and the effective PF for most of the Bennington area might actually turn out to be more than the minimum required.
Only among those who fail to achieve this extra protection would there be potential casualties.
In areas of high radioactivity it might be desirable to extend the nominal shelter period for a few days or weeks.
While it is frequently presumed that because a shelter has been stocked with food for two weeks it could only be occupied for two weeks, this conclusion is too pessimistic.
Most people could survive on water alone for about a month.
Certainly, if a two-week food stockpile were rationed to last an additional week or two because this extra time would substantially improve the chances of survival, it would seem to be a wise choice.
Using an assumption that emergence must occur after the nominal shelter period increases the estimated casualties.
Additional time in shelter reduces the threat both because of the additional radiation decay and the increased probability of receiving outside assistance.
It enhances the possibility of organizing an effective postattack movement to safer areas; in other cases, survivors in shelters might receive additional information and supplies to sustain them until an appropriate pnasing out can begin.
It seems clear that the potential of contingency plans developed for these options is significant.
The feasibility and cost of appropriate plans and preparations require further study.
The Emergence Period
The shelter period may be said to be ended when occupants begin to spend a portion of each day outside the shelter.
Studies have suggested that, to prevent undue exposure, the phasing of people out of shelter living would generally follow a controlled procedure.
The control of radiation exposure during the emergence period is reasonably well understood and has been discussed in several places (e.g., see Ref.
11).
It is a technical matter mostly requiring an understanding of radioactive decay and the relationship between acute or chronic doses and the probability of illness (or fatality).
However, in localities with very intense radioactivity, where this procedure would not be reasonably possible at the end of the nominal shelter period, occasional brief exposures of an hour or two for some occupants might permit a replenishment of supplies without too seriously endangering their health or strength.
By this means, the nominal shelter period might be extended somewhat, after which, upon emergence, it might be necessary to limit the initial daily exposure to very small intervals.
In such severe circumstances effective decontamination might not be feasible for several weeks or months after emergence.
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Techniques of decontamination have been developed over a number of years (for example, see Refs. 11 and 12) and are reasonably well understood. The prob'3ms of decontamination in a targeted urban area would be much more severe than in undamaged places, for which reason they are usually specifically excluded in decontamination studies.
Where the external environment is very severe, ft is probable that after initial emergence the shelterees would wish to seek a less dangerous haven.
Fallout patterns suggest that frequently, by short movements of 10. 20 or 30 miles in an appropriate direction, external radiation intensities can be reduced by factors of 10 to 100. Thus, the effective use of monitoring and communications could, after a time, be used to encourage or assist those in highly radioactive locations to move to less hazardous areas. The ability to monitor effectively, transmit the appropriate messages, perhaps arrange for transportation assistance, and develop suitable reception areas probably would be dependent on preparations made prior to the attack. An examination of several fallout charts for attacks ranging up to 20,000 megatons has indicated that a postattack movement offers a potential for greatly reducing the long-term threat to those "trapped" in the relatively "hot" areas.
Situations in which this capability would seem desirable include movement from:
2. areas where decontamination is difficult because of the physical damage, the lack of appropriate decontamination equipment, or the lack of skilled manpower;
3. areas where severe health problems develop, even though the radiation threat might otherwise be manageable (these problems might include epidemics, shortage of medical or sanitation supplies, or shortage of medical facilities or trained personnel);
4. areas where food or water (or other supplies) are inadequate or where the transport to replace supplies would be more difficult to provide than moving the people;
5. areas where communication or transportation bottlenecks cannot readily be restored, thus preventing effective postattack clean-up or reconstruction. The survivors would be more useful in other parts of the country.
In the first four situations above, we would anticipate that many casualties could be avoided. The fifth is one in which the recovery would be assisted by the relocation.
A dynamic CD program would prepare options to continue the fight for survival whenever and wherever it is possible, including the postattack recovery period.
Serious planning for postattack assistance to survivors , ' I has not. yet developed, although there have been rumblings of developiny interest for taking this type of preparation seriously (Ref. 13).
We should be somewhat cautious about counting upon the success of postattack efforts of this type without a great deal of prior thought and a working out of the details appropriate to many possible postattack situations. The possibility of damage on the unprecedented scale suggests that extrapolations from past examples of the behavior of people during disaster might not be appropriate.
For example, while we know that after a peacetime disaster it is natural for a convergence of outside assistance to develop, it is not at all clear that this can be anticipated should a major portion of the country be damaged in a nuclear war. If potential rescuers did not adequately understand the nature of the threats or of the required emergency actions, early postattack assistance is apt to falter badly. Suitable plans and preparation would seem first to require studies which can anticipate the more important needs of relevant postattack contexts. Some typical questions needing answers are: How could millions of voluntary rescuers be organized among a people frightened, bereaved, and beset with new unprecedented daily threats and family responsibilities? How could the early distribution of food and fuel to needy areas be effected if the commercial system is in temporary chaos? To what extent, postattack, would survivors share their remaining resources with refugees if it placed them and their families in some jeopardy?
Resources for Recuperation
Important activities possible during a crisis, especially if plans were made to assist the effort, include emergency preparations for both the immediate postattack recovery and the long-range recuperation.
For example, if an extreme crisis should last for two weeks, enabling a response of greater scope than mere flight or improvised shelter construction, in many areas the available time could be used both by householders and by commercial and industrial establishments to protect valuable but vulnerable equipment.
For example, rolling equipment might be moved and stored away from areas threatened by blast. Thus, loaded trucks, trains, ships and automobiles filled with supplies and equipment could be put into improvised temporary storage depots.
Sensitive or expensive equipment could be moved into basements of buildings not needed for fallout shelters and insulated to give some shock protection. This could make it possible for some of the property to survive in the lower range of blast overpressures.
Certainly, such valuables as manufacturing procedures, engineering drawings, and vital legal records could readily be protected.
To make a crude estimate, one could argue that some 20 million automobiles and some 5 million trucks and busses, each loaded with valuables, could provide a basic stockpile worth perhaps $50-100 billion, and that it might be created in a few days' time. To be sure, this 30 HI-478-RR stoclpile would riot be completely balanced, in that it probably would not consist of the most useful postattack supplies and equipment.
However, where there are choices, selections of this kind could be improved as a result of last-miinute guidance.
For example, during the emergency, authoritative suggestions through radio and television programs or printed leaflets or newspaper stories would encourage people to establish priorities of survival items based upon previous research findings.
It may subsequently prove tc be of great importance for a person to have known which to protect first:
his radio and television sets, boois, furniture, tools, clothes, groceries, legal papers, gardening equipm-nt, medical supplies, art objects, electrlcal appliances, or hunting and fishing equipment.
It would seem to be useful to encourage such a study.
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LOW-CASUALTY DESIGNS It was mentioned earlier that a fallout shelter program could be enhanced by first determining the minimum PF requirements in accordance with some reasonable estimates of probable threats.
Thus, fallout protection needed near a target area might require a PF of 100 to 500, while in a more distant place equivalent protection would require PF's of, say, from 10 to 50.
These systems would assume that the protected population would not be subjected to the direct effects of a nuclear atLack.
Thus, the distant suburban and rural populations and the relocated urban citizens by assumption would be subjected only to collateral damage not to the effects of deliberate targeting.
This raises a bas~c distinction between postures designed to alleviate the damage of optimized malevolent attacks against the protected population and those designed to alieviate the consequences of attacks against military and/or city targets.
The latter postures are concerned with the coll3teral damage from a counterforce attack and the direct damage from an urban attack but, because of technical constraints or voluntary restraint, assume that the non-urban areas are not targeted. Such a targeting policy might occur (a) because an attacker chooses to maximize property damage to the urban-industrial area; (b) because he is constrained by rigidity of pre-existing war plans or doctrine; (c) because the lack of timely information prevents a recalculation of targeting which would maximize the damage (such a calculation would need to be based upon distribution of population and property and the degree of protection available at the time of attack); or (d) because of existing tacit (or formal) agreements about the conduct of nuclear warfare.
This issue raises the question of whether CD systems should be designed to anticipate the most malevolent enemy attack or whether they ought to meet the requirements of preventing collateral damage in untargeted areas, assuming the major urban centers are included in the likely targets.
We argue that for the reasons given above (and others*) it is unlikely that the complex most-malevolent targeting is to be expected. This is an important point bearing on our claim that even with inexpensive programs, casualties might be held to astonishingly low levels in mixed attacks involving several thousand delivered MT, if the weapons are not purposely detonated over outlying reception areas. That is, if the assumption is valid, the use of urban relocation and rural shelters could be very effective in preventing fatalities.
A basic differe-ce between designing postures to reduce coliateral damage and designing those which minimize the damage from direct attacks is that it is possible, in princiole, for the former to completely eliminate fatalities.
That is, as far as the design is concerned, fatalities *For example, in many scenarios city attacks occur in later phases of the war after more than one counteriorce exchange. In these scenarios it is usually very difficult to control the residual forces with the flexibility required for "last minute" targeting changes (e.g., see Ref. 17) .
would only. result from the "noise" in the system (the unplanned or unanticipated developments).
For example, if the program fails to obtain the planned protective facil-ties, if people fail to take the best available shelter, if the attack exceeds the maximum prepared for, if a "freak mpteorology" occurs or an "unknown" effect appears, then additional casualties may occur.
Otherwise they have been circumvented by design of the system and the range of applicable scenarios.
Within the budget, the time constraints, and for the range of scenarios to be considered, the problem of the system designer is to devise a feasible protective plan which, if properlv implemented, theoretically would prevent casualties.
Of course, a zero-cas,,alty performance cannot be attained, but as a goal it provides a standard which can lead to effective designs.
This orientation can also help a designer to spell out quantitatively the reasons why his system fails to meet the zero-casualty criterion.
In this way the problems requiring solution should be clearly delineated.
To sum up, low-casualty designs are likely to be based upon the following assumptions and planning factors:
Without blast shelters urban survival prospects are very poor for cities that are attacked (see pagell). Therefore, citizens in potential-target areas should either have plans for good blast protection or for timely movement to distant shelter.
2.
Preparations for fallout shelter would be based upon a balanced fallout protection concept (see page 17) and a specified range of scenarios for which the system provides protection. In each locality these preparations would be backstopped by a set of options (see page 21 ) to ameliorate the inevitable difficulties during implementation that cannot be anticipated.
3.
Reasonable plans and preparations in response to the requirements for postattack assistance, relocation, and decontamination can be developed.
4.
Plans and preparations for roping with the longer term problems of health, social reorganization, government, and econcnic recovery would be developed in parallel with the survival plans (but these are not being examined in this paper).
Any CD design can only cope with a restricted range of war scenarios. Generally, this range will Fe larger with greater budgets.
When more funds are available for CD, then less emergency improvisation should be required and in a crisis available time presumably can be more efficiently utilized. Therefore, less warning time is needed to achieve a given posture, which increases the confidence in the system. Also, with more preparations the p.'obability is improved of greater effectiveness in using the options of a flexible or dynamic program based upon successive lines of protective measures (see page 22).
The low-cost CD designs based upon the zero-casualty concept would require city people to relocate to more distant shelter facilities during a severe crisis. Therefore, the saving in peacetime CD preparations would imply greater social and economic costs at any time the program is actually implemented.
These costs may prove to be many times that which would be involved in a normal program and have little legacy value. Nevertheless, larger deferred costs may be preferred to substantial current ones both because of the hope that the need will not arise and because obsolescence of any current system might be appreciable within several years, requiring another round of expend;tures (as is customary in military systems). Calculation of estimated fallout fatalities can be efficiently performed today on electronic computing machines, but existing models generally do not reflect the complex possibilities of integrated and dynamic CD systems.
For example, depending on parameters, a typical model might assign something between two days and two weeks as the shelter stay time and, with an assumed set of PF's, make some rigid assumptions as to the degree of exposure after emergence from the shelter.
In practice, such decisions would more reasonably be made in accordance with a judgment based on the perceived threats and available options, and is apt to be very complex.
Also, existing models are not programmed to shift the population in accordance with the anticipated threat and the local capability to improvise protection.
From some of the arguments in earlier sections of zhis paper we would like to suggest below some ways in which future casualty estimates could be improved, and which we believe would reflect a greater degree of reality and show more effectiveness in the functioning of civil defense during an emergency:
1. Assume 99-100% occupancv of preDared shelters: As long as the scenario contains several days of strategic and/or tactical warning (which we assume is reasonable) it is excessively conservative to assume that after receipt of tactical warning a large portion (like 5, 10 or 20%) of the population would have taken much poorer shelter than that locally available.
We would suggest between 0 and 1% as more reasonable. The possibility of everyone having to respond to very short warning (less than one hour) which leads to difficulty in obtaining nearby shelter, otherwise available, should not be totally ignored but should be given attention as an off-design possibility, not as the central case. ! 2.
Prepare to overcrowd higher auality shelters: For less expen3ive programs (with an insufficient number of existing shelters), a degree of overcrowding of the better shelters available in many parts of the country can be used to improve the posture substantially.
Where the "risk of a city attack is believed too great, a partial dispersal of the urban citizens to suburban or rural shelters which can be overcrowded might be contemplated. A computational model should have such options fed into its representation of the sheltered configuration.
3.
Develop local oDtions for relocation of urban citizens: In many places movement to more distant rural areas, where there is greater safety from the blast and fire effects, would be better than dispersing people from the central cities to the suburbs to build expedient shelter.
Because of lower PF requirements, the rural areas often can provide a greater degree of fallout protection.
Also, in much of the country the required time for this movement is less than one day.
4.
Improve existing shelters durin9 a strategic warning period: It would be reasonable to assume that for many interesting cases (e.g., those in which days of strategic warning are available) special stockpiling preparations, including additional food or other supplies, would be made and HI-478-RR shelter improvements could be accomplished which would either increase the shelter PF before an attack or give an increased potential for staying longer in the shelters should the need arise. Thus the overall effective PF's used in calculations would be higher than those assigned in peacetime and should be estimated by a computational model.
5.
Estimate the utility of the options of a dynamic CDOprogram: Flexible plans to improve the civil defense posture through emergency shelter construction and/or improvisation by means of emergency education and mobilization of the resources and labor in the country during the several periods from the initial crisis through the postwar period might often be used to great advantage. With such a program the national CD posture improves with time once a sufficiently tense crisis occurs. This improvement should be estimated and reflected in the calculations. It should be related to the details of the war scenarios.
6. Utilize the balanced fallout Protection criteria: The use of an emergency CD posture based on the balanced fallout protection concept should give an improved degree of fallout protection. This would require changes in both the distributions of the peacetime population and an assignment of PF's in accordance with the local minima specified by the criteria.
7.
Limit fallout casualties by effective Dostattack Dlans: Assuming that CD techniques of postattack relocation, decontamination and/or controlled exposure are feasible leads to the general conclusion that if a person can survive the first 2-4 weeks within a shelter and receive less than about 200 roentgens, he has a very high probability of surviving the subsequent effects of radiation.
It is assumed, of course, that there would also be a reasonable system for monitoring radiation and communicating the information, thereby clarifying the threat and the options for surviving it.
Thus, except for the cheapest or most poorly implemented programs, reasonable-to-good survival prospects can be expected for those who are not casualties during the initial weeks.
The point above suggests that the larger civil defense programs would prepare to assist or rescue any survivors "trapped" in very severe environments.
We wish to distinguish between the usual rescue concept (a rescuer rushes into a collapsed building and pulls the woman out from beneath the fallen beams before the fire envelops her) and that necessary for survivors of nuclear blast and fallout who might require decontamination, supplies, or postattack relocation, but not necessarily within minutes or hours--possibly not within days.
Essentially the race will be between the rescue and starvation, thirst, or possibly disease; these threats generally are matters of days, if not weeks.
A theory of effective rescue, is needed to estimate the immediate postattack casualties. ea..on, transportation, and external assistance requirements which seem to be especially severe for the survivors in attacked urban centers. Thus, people in the attacked cities would seem to be more vulnerable than has usually been estimated heretofore, unless they are protected by special blast shelters.
